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Received for publication 2 July 1979 and in revised form 21 (7) . An ACTH-producing cell line derived from a pituitary tumor from an irradiated LAF1 mouse (9) has been employed in a series of studies of ACTH synthesis and secretioni (10) (11) (12) (13) (14) (15) (16) . We examined the interaction of TRH with a newly generated suibpopulation of (19) . Synthetic human a 1-39 ACTH was used for iodination and as standard. Alpha (7), thyrotropin (TSH) (7, 8, 20) , and prolactin (21) were measured by radioimmunoassays using reagents for rat hormones from the NIAMDD Hormone Distribution Program (Dr. A. F. Parlow) as previously described.
AtT-20 cells were obtained from the American Type Culture Collection, Rockville, Md., and grown in Ham's F-12 medium supplemented with 15% horse serum and 2.5% fetal bovine serum (9) . After several weeks in culture, a subpopulation of cells developed (AtT-20/NYU-1) that grew as monolayers as well as in suspension culture, simnilar to the previously described AtT-20/D-16 cells (15, 16) . These cells, when incubated in medium with serum, released 0.20±0.06 ,ug of ACTH/mg cell protein per 24 h. There was no detectable immunoreactive prolactin (<8 ng/mg cell protein per 24 h) or TS H (<7 ng/mg protein per 24 h) in the incubation medium.
Binding of TRH to intact cells in suspension was performed in fresh medium without serum containing [3H]TRH at 37°C in a shaking water bath (8) . Experiments were carried out in 0.5 ml of medium in 12 x 75-mm glass test tubes with 0.5-2 x 106 cells. After incubation the cells were centrifuged at 650 g for 5 min at 4°C, the medium was removed, and the cells were washed three times with 1 ml of0.1 M NaCl, 0.05 M Na phosphate, pH 7.5. The cell pellets were dissolved in 0.4 N NaOH; portions were used to measure radioactivity by liquid scintillation counting and for measurement of cell protein by the method of Lowry et al. (22) Incubation medium without serum from AtT-20/NYU-1 cells was pooled and analyzed in the alpha radioimmunoassay at several dilutions. A 4-mIl portion was lyophilized, resuspended in 0.5 ml water, and co-chromatographed with trace amounts of rat ['25I]iodo-TSH, rat [m251]iodo-luteinizing hormone (LH)-alpha, and 1251 on a Sephadex G-100 columiln (90 x 1.5 cm). The column was equilibrated at 4°C with 0.1 M NaCl, 0.05 M Na phosphate, pH 7.5, and eluted at a flow rate of4 ml/h. Portions ofeach 1-ml fraction were assayed for alpha.
ACTH and alpha accumulation in the medium from AtT-20/NYU-1 cells was determined at various times of culture in the presence of 100 nM TRH or 100 nM dexamethasone and compared to controls. For these experiments, 0.5-2 x 106 cells were inoculated in F-12 medium with serum. After 16-24 h, the cell monolayers (in flasks) or cells in suspension (in roller bottles) were washed and fresh F-12 medium with or without serum and TRH or dexamethasone was added and the incubation continued. At the indicated times, media were collected and stored at -20°C until assayed and the cells washed three times with 0.1 M NaCl, 0.05 XI Na phosphate, pH 7.5, dissolved in 0.4 N NaOH and used for measurement of cell protein.
Primary monolayer cultures of rat adenohypophyseal cells were prepared by the method of Vale et al. (23) with minor modification. In brief, anterior pituitary glands were removed from male Sprague-Dawley rats (200-250 g) after rapid decapitation, rinsed five times in 0.1 M NaCl, 0.05 M Na phosphate, pH 7.4, 0.01 M glucose, 0.36 mM CaCl2, and then cut into small pieces. The pituitary fragments were then suspended in the same buffer containing 0.1% hyaluronidase (type II, 200 NF U/mg; Sigma Chemical Co.) and 0.35% collagenase (160 U/mg; Sigma Chemical Co.) and incubated at 37°C with stirring. After 30 min, a solution containing pancreatin 4X (Grand Island Biological Co.), final concentration 0.25%, was added to the dispersion mixture. After an additional 15 min, the dispersed cells were washed once with F-12 medium with serum, resuspended in the same medium, and 1 x 106 cells inoculated into 25-cm2 culture dishes. After 48 h, the primary cell monolayers were washed with F-12 medium without serum and incubated in parallel in F-12 medium without serum with AtT-20/NYU-1 cells. Release of ACTH from adenohypophyseal cells in culture was found to increase 1.4-to 2-fold during a 1-h exposure to 10 nM vasopressin as previously described (24, 25) demonstrating that these cells were responsive to a secretagoguie.
Statistical analysis was performed by unpaired t test. For the alpha radioimmunoassay, the plots of the standard curve and of the curve generated with dilutionis of incubation Thyrotropin-releasing Hormnone Stimulates ACTH Release from Tumor Cells 1295 medium were determined by linear regression analysis and parallelism was determined by analysis of covariance (26) .
RESULTS
Binding of TRH and analogues to AtT-201NYU-1 cells.
[3H]TRH added to the medium of suspensions of AtT-20/NYU-1 cells bound rapidly to the cells. Specific binding was 30% of maximum after 5 min, 50% after 15 min, 86% after 45 min, maximum after 60 min, and remained constant for up to 3 h. The characteristics of binding of TRH at equilibrium were defined by incubating cells with increasing concentrations of [3H]TRH, up to 55 nM, for 90 min. Fig. 1 illustrates the dose-dependent specific binding of [3H]TRH to AtT-20/NYU-1 cells. Analysis of these data by the method of Scatchard (27) (Fig. 1, inset) Table I shows the dissociation constants ofthe analogues based on the value measured for TRH (from Fig. 1 ). The affinity of the binding sites for p-Glu-3-MethylHis-Pro-NH2 was higher than for TRH but was markedly lower for the other analogues.
Release of alpha from AtT-20/NYU-1 cells. Fig. 2A illustrates the standard curve using purified rat LHalpha and a curve generated using dilutions of pooled incubation medium for the alpha radioimmunoassay. Medium in which cells had not been incubated had no detectable alpha immunoactivity. Immunological similarity between alpha in the medium and rat LH-alpha was suggested by parallelism (P > 0.1) between these curves. Fig. 2B illustrates the gel chromatographic elution pattern of alpha in the incubation medium. Virtually all alpha immunoactivity eluted in a position similar to that of standard rat [1251]iodo-LH-alpha. Fig. 3 illustrates alpha accumulation in the medium from AtT-20/NYU-1 cells in the presence of 100 nM TRH or in its absence (control). The rate of alpha accumulation was constant during the 72-h incubation (3.1 ng/mg cell protein per h). There was no effect of TRH on alpha accumulation. Furthermore, 100 nM dexamethasone, which inhibited ACTH accumulation from these cells (see below), had no effect on accumulation of alpha during a 24-h incubation (Table II) .
Effect of TRH on accumulation of ACTH in the medium. 100 nM dexamethasone inhibited accumulation of ACTH by 44% from AtT-20/NYU-1 cells after 24 h (Table II) . These findings are similar to those reported for other cell lines derived from this tumor (10, 15) . TRH stimulated production of immunoreactive ACTH by these cells. In one experiment (Table III) serum-free control; P > 0.1 vs. medium with serum alone). A further stimulation of ACTH accumulation by TRH into medium without serum, to 420% of control, occurred after 24 h. In contrast to the findings in AtT-20/NYU-1 cells, TRH had no effect on accumulation of ACTH from adenohypophyseal cells in vitro derived from normal rats after 1 or 24 h in F-12 medium without serum (Table III) . studies ofthe secretion and synthesis ofACTH (10) (11) (12) (13) (14) (15) (16) .
In the experiments reported here, the interaction of TRH with a newly generated subpopulation of these cells (AtT-20/NYU-1) was studied. Receptors for TRH were demonstrated on these cells. The affinities of binding of these sites for a series of TRH analogues correlated with their knowni biological activities in other cell lines (5, 28, 29) . AtT-20/NYU-1 cells were found also to produce the alpha subunit of the glycoprotein lhormones but not intact TSH. Accumulation of alpha in the mediumn was not affected by TRH in these cells. In contrast to its lack of effect on alpha production, TRH Receptors for TRH have previously been demonstrated on mammotropic (GH) cells, cloned cell lines derived from rat pituitary tumors (5, (30) (31) (32) , and thyrotropic (TtT) cells derived from mouse pituitary tumors (8, 29) in culture. The characteristics of the interaction between TRH and the binding sites on TtT, GH, and AtT-20/NYU-1 cells were very similar. The apparent equilibrium dissociation constants for binding of TRH were 10-12 nM for GH cells, 3-5 nM for TtT cells, and 3.7 nM for AtT-20/NYU-1 cells. Also, the relative affinities for a series of TRH analogues paralleled one another. Although determination of the binding affinity for hormone-receptor interactions is somewhat imprecise, we consistently measured a twoto threefold higher affinity for TRH binding to TtT and AtT-20/NYU-1 cell sites than to receptors on GH cells using the same [3H]TRH preparation. Moreover, the virtually identical affinities of binding for TRH to TtT and AtT-20/NYU-1 cells may indicate that these receptor units are identical because these cell types were both derived from pituitary tumors from the same strain of mice (9, 33 (34, 35) . Measurement of alpha in seruim has been suggested by us as one criterion for differentiating patients with pituitary tumors friom those in which there is no evidence of a tulmor in patients with TSH-induced hyperthyroidism (35, 36 (36) . If these cultures were heterogeneous (see above), a possible explanation for the lack of alpha response to TRH may be that the population ofcells that produces alpha does not have receptors for TRH and, therefore, is unable to respond to TRH. TRH caused an increase in release of immunoreactive ACTH from AtT-20/NYU-1 cells but not from adenohypophyseal cells in vitro derived from normal rats. The finding of no effect of TRH on release of ACTH from cells derived from normal anterior pituitary glands complements a previously published report using cells in vitro derived from rat pars intermedia (37) and the findings in normal human subjects (1) . The ability of TRH to stimulate ACTH release from neoplastic but not "normal" cells in vitro appears to parallel the findings in man since it is likely that Nelson's syndrome and some instances of Cushing's disease are associated with pituitary adenomas (38) . Although there may be additional neuroregulatory factors that influence the ability of TRH to affect ACTH release, as suggested by the study of Krieger and Condon (2), the primary abnormality in these clinical syndromes may be intrinsic to the ACTHproducing cell as with AtT-20/NYU-1 cells. Thus, neoplastic human as well as mouse ACTH-producing cells may synthesize receptors for TRH which are coupled to ACTH release and allow direct stimulation by TRH.
